We construct a superpotential for the general N = 1 2 supersymmetric gauge theory coupled to chiral matter in the adjoint representation, and investigate the one-loop renormalisability of the theory.
1. Introduction N = 1 2 supersymmetric theories (i.e. theories defined on non-anticommutative superspace) have recently attracted much attention [1] - [4] . Such theories are non-hermitian and only have half the supersymmetry of the corresponding N = 1 theory. These theories are not power-counting renormalisable 1 but it has been argued [7] - [10] that they are in fact nevertheless renormalisable, in other words only a finite number of additional terms need to be added to the lagrangian to absorb divergences to all orders. In previous work we have confirmed this renormalisability at the one-loop level. In particular we have shown that although divergent gauge non-invariant terms are generated at the one-loop level, they can be removed by divergent field redefinitions leading to a renormalisable theory in which N = 1 2 supersymmetry is preserved at the one-loop level in both the pure gauge case [11] and in the case of chiral matter in the fundamental representation [12] . On the other hand, the authors of Ref. [13] obtained the one loop effective action for pure N = supersymmetry using a superfield formalism. Although they found divergent contributions which broke supergauge invariance, their final result was gauge-invariant without the need for any redefinition. In subsequent work [14] it was shown that the N = 1 2 superfield action requires modification to ensure renormalisability, which is consistent with our findings in the component formulation [12] .
It was pointed out in Ref. [4] that an N = 1 2 supersymmetric theory can also be constructed with matter in the adjoint representation. Our purpose here is to repeat the analysis of Ref. [12] for the adjoint case, then proceed to consider the addition of superpotential terms, which will turn out to be a non-trivial task. The adjoint action of Ref. [4] was written for the gauge group U (N ). As we noted in Refs. [11] , [12] , at the quantum level the U (N ) gauge invariance cannot be retained. In the case of chiral matter in the fundamental representation we were obliged to consider a modified theory with the gauge group SU (N ) ⊗ U (1). In the adjoint case with a trilinear superpotential, it will turn out that the matter fields must also be in a representation of SU (N ) ⊗ U (1).
However, for simplicity of exposition we shall start by considering the adjoint case without a superpotential, in other words adapting the calculations of Ref. [12] to the adjoint case.
The classical action without a superpotential may be written 
(1.1)
and we have D µ φ =∂ µ φ + igA (For later convenience we also define g A similarly to encompass both g a = g and g 0 .) Of course then f ABC = 0 unless all indices are SU (N ). We note that
(Useful identities for U (N ) are listed in Appendix B.) We also have e abc = g, e a0b = e ab0 = e 000 = g 0 , e 0ab = g
We have written theφλλF term as it is given starting from the superspace formalism. We note that it has the opposite sign from that given in Ref. [4] . This term is N = 
(1.5)
In Eq. (1.1), C µν is related to the non-anti-commutativity parameter C αβ by
where
and
Our conventions are in accord with [3] ; in particular,
Properties of C which follow from Eq. (1.6) are cancelled by the C µν term in the variation of the λ in theφλψ term, which forces the C µν in the 6th line of Eq. (1.1) to be equal to that in the pure gauge terms, and similarly for that in the 7th line; the terms in the 8th line do not get renormalised at all.)
We use the standard gauge-fixing term
with its associated ghost terms. The gauge propagators for SU (N ) and U (1) are both given by
(omitting group factors) and the gaugino propagator is 13) where the momentum enters at the end of the propagator with the undotted index. The one-loop graphs contributing to the "standard" terms in the lagrangian (those without a C µν ) are the same as in the ordinary N = 1 case, so anomalous dimensions and gauge β-functions are as for N = 1. Since our gauge-fixing term in Eq. (1.11) does not preserve supersymmetry, the anomalous dimensions for A µ and λ are different (and moreover gaugeparameter dependent), as are those for φ and ψ. However, the gauge β-functions are of course gauge-independent. The one-loop one-particle-irreducible (1PI) graphs contributing to the new terms (those containing C) are depicted in Figs. 1-6 . With the exception of Fig. 6 (which gives zero contributions in the case of chiral fields in the fundamental representation) these diagrams are the same as those considered in Ref. [12] . The divergent contributions from these and other diagrams considered later are listed in Appendix A.
Renormalisation of the adjoint SU (N ) action
The renormalisation of N = 1 2 supersymmetric gauge theory presents certain subtleties. The bare action is given by
where S 0B is obtained by replacing all fields and couplings in S 0 (in Eq. supersymmetry. Those with γ 1 , γ 2 must be included at this stage to obtain a renormalisable lagrangian; those with γ 3 will be required when we introduce a superpotential but could be omitted at present.
We found in Refs. [11] , [12] that non-linear renormalisations of λ andF were required;
and in a subsequent paper [15] we pointed out that non-linear renormalisations of F ,F are required even in ordinary N = 1 supersymmetric gauge theory when working in the uneliminated formalism. Note that in the N = 
The corresponding U (1) gauge multiplet fieldsλ 0 etc are unrenormalised (as are the U (1) chiral fields φ 0 etc in the case with no superpotential); so is g 0 . The auxiliary field F is also unrenormalised, i.e. Z F = 1 (though again this will no longer be the case when we later introduce a superpotential). In Eq. (2.2), Z 1−3 are divergent contributions, in other words we have set the renormalised couplings γ 1−3 to zero for simplicity. The other renormalisation constants start with tree-level values of 1. As we mentioned before, the renormalisation constants for the fields and for the gauge coupling g are the same as in the ordinary N = 1 supersymmetric theory (for a gauge theory coupled to an adjoint chiral field) and are therefore given up to one loop by [16] :
where (using dimensional regularisation with
where (Cψ) α = C α β ψ β . The replacement of λ by λ B produces a change in the action given (to first order) by
where the ellipsis indicates the terms not involving ρ 4−6 (which were given previously in
Ref. [12] ). The value of ρ 4 will be chosen so as to cancel the divergent contributions from Fig. 6 ; ρ 5,6 will be specified later when we renormalise the theory with a superpotential.
We now find that to render finite the contributions linear in F we requirē
C for the n-loop contribution to Z C we set
with similar definitions for Z |C| 2 , Z C 1,2 , Z 1−3 . We now find that with
the one-loop effective action is finite, for arbitrary z 2 , z 3 ..
The superpotential
We now consider the problem of adding superpotential terms to the lagrangian Eq. (1.1). The following potential terms are N = 1 2 invariant at the classical level:
Here in the interests of conciseness we have written the superpotential in index-free form, so that
it then follows thatF µν = g A F 
so that the gauge interactions are written in superfield form as
The following superpotential terms are manifestly also invariant:
Expanded in component fields we have 
At the classical level φ may be considered as forming a representation of U (N ). However, just as we saw in Ref. [12] for the gauge group, the U (N ) structure is not preserved at the quantum level. transformations to more than one of these groups of terms and so cannot be assigned a unique coupling out of y, y 1,2 . So in the presence of trilinear superpotential terms, the
invariance cannot be maintained at the quantum level. It is this linking of different groups of terms, specifically those corresponding purely to SU (N ) with those containing U (1) fields, which implies that we cannot have an N = 1 2 theory with a superpotential if the chiral fields belong to SU (N ) alone.
The renormalised action with superpotential
As we explained in the previous section, many of the individual terms with couplings m or y in Eq. (3.1) will renormalise differently and hence need to be assigned their own separate couplings. For renormalisability, Eq. (3.1) needs to be replaced by
Each of the coefficients m, y, etc above will renormalise separately. However, for simplicity when we quote the results for Feynman diagrams, we will use the values of the coefficients as implied by Eq. The renormalisation constants Z φ,ψ , Z F now acquire y-dependent contributions, so we have
Here we write φ 
where Z Φ , Z Φ 0 are the renormalisation constants for the chiral superfield Φ given by
The redefinitions of F andF found in Ref. [11] need to be modified in the presence of mass terms and the U (1) gauge group. This is easily done following the arguments of Ref. [15] ; there are no one-loop diagrams giving divergent contributions to mφF or mφF although there are counterterm contributions from m B φ B F , m BφBF . At one loop we We now choose the renormalisation constants at our disposal to ensure finiteness. In order to ensure renormalisability of the action in Eq. (4.1), we find we now need to impose specific values for the hitherto arbitrary coefficients z 2 , z 3 , namely
(4.6)
We find moreover
(4.7)
The eliminated formalism
It is instructive and also provides a useful check to perform the calculation in the eliminated formalism. In the eliminated case Eq. (4.1) is replaced bỹ
while we simply strike out the terms involving F ,F in Eq. (1.1). Once again note that in quoting diagrammatic results we set y 1−5 = y, m 0 = µ 1 = m, µ 2−5 = 0, so that these are effectively the renormalised values of these couplings. In Table 7 , the contributions from Figs. 7(f-k) are now absent while those from Figs. 7(l-r) change sign. Similarly, in Table 8 , the contributions from Figs. 8(e-p) are now absent while those from Figs. 8(qdd) change sign. In Table 9 , the contributions from Figs. 9(f-n) are now absent while those from Figs. 9(o-z) change sign. In Table 10 , the contribution from Fig. 10(d) 
respectively. The results in Eq. (4.7) are unchanged, which is a very good check on the calculation.
Conclusions
We have repeated our earlier one-loop analysis of N = The necessity for these choices seems somewhat counterintuitive as these renormalisations are all present in the theory without superpotential and yet there appeared to be nothing in the theory without superpotential to enforce these choices. It would be reassuring if some independent confirmation could be found for these particular values. Presumably the necessity for the non-linear renormalisations we are compelled to make lies in our use of a non-supersymmetric gauge (the obvious choice when working in components, of course).
So the answer to this puzzle might lie in a close scrutiny of the gauge-invariance Ward identities. Of course a calculation in superspace would also be illuminating. It is always tempting to investigate whether the behaviour at one loop persists to higher orders but the proliferation of diagrams in this case would almost certainly be prohibitive.
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Appendix A. Results for one-loop diagrams
In this Appendix we list the divergent contributions from the various one-loop diagrams.
The contributions from the graphs shown in Fig. 1 are of the form Fig. i ) which can be decomposed similarly and will be similarly presented.)
Fig. Table 1 : Contributions from Fig. 1 The sum of the contributions from Table 1 can be written in the form
The contributions from the graphs shown in Fig. 2 are of the form
where g c ≡ g. The X 2 , Y 2 , Z 2 and tensor products in the decomposition of X (as described earlier) are shown in Table 2 : (2 + α) Table 2 : Contributions from Fig. 2 (continued) The sum of the contributions from Table 2 can be written in the form
The contributions from Fig. 3 are of the form
where the X 3 , Y 3 and tensor products in the decomposition of X are given in Table 3 : Table 3 : Contributions from Fig. 3 The contributions from Table 3 add to
The contributions from Fig. 4 are of the form
where the X 4 and Y 4 and tensor products in the usual decomposition are given in Table 4 : Fig. 4 The contributions from Table 4 add to
The contributions from Fig. 5 are of the form
where X ABCD 5
is given in Table 5 . In Table 5 we have introduced the notation (
Using results from the Appendix, the contributions from Table 5 add to The divergent contributions to the effective action from the graphs in Fig. 6 are of the form
where the contributions from the individual graphs to X 6 and the associated tensors in the usual decomposition are given in Table 6 : The contributions from Table 6 add to
where the contributions from the individual graphs to X 7 and the associated tensors in the usual decomposition are given in Table 7 : These results add to The divergent contributions to the effective action from the graphs in Fig. 8 are of the form .15) where the contributions from the individual graphs to X 8 and the associated tensors in the usual decomposition are given in Table 8 : The contributions from Fig. 9 are of the form
The contributions from the individual graphs to X ABCD 9
are given in Table 9 . The results in Table 9 add to
( The results from Fig. 10 are of the form
and the contributions from the individual graphs to X are given in Table 10 . Table 10 : Contributions from Fig. 10 The results in Table 10 add to
We have not explicitly drawn most of the diagrams (labelled Fig. (11a,b. . .)) giving contributions of the form 
